Mesenchymal stem cell (Msc)-based therapies have been proven effective in experimental models of numerous disorders. Treatment of ischemic brain injury by transplantation of Mscs in neonatal animal models has been shown to be effective in reducing lesion volume and improving functional outcome. The beneficial effect of Msc transplantation to treat neonatal brain injury might be explained by the great plasticity of the neonatal brain. The neonatal brain is still in a developmentally active phase, leading to a better efficiency of Msc transplantation than that observed in experiments using adult models of stroke. enhanced neurogenesis and axonal remodeling likely underlie the improved functional outcome following Msc treatment after neonatal hypoxic-ischemic (hI) brain injury. With respect to the mechanism of repair by Mscs, Mscs do not survive long term and replace damaged tissue themselves. We propose that Mscs react to the needs of the ischemic cerebral environment by secretion of several growth factors, cytokines, and other bioactive molecules to regulate damage and repair processes. Parenchymal cells react to the secretome of the Mscs and contribute to stimulate repair processes. These intrinsic adaptive properties of Mscs make them excellent candidates for a novel therapy to treat the devastating effects of hI encephalopathy in the human neonate. E ncephalopathy due to hypoxic-ischemic (HI) events occur when blood supply to the brain is interrupted, leading to diminished delivery of oxygen and nutrients to the tissue. The neonatal brain is particularly vulnerable for diminished blood flow because of its high energy need, which almost all comes in the form of glucose. When oxygen and glucose delivery become insufficient to meet the metabolic demands of the brain, a sequence of biochemical events will be triggered, including initial energy failure, calcium overload, excitotoxicity, oxidative stress, inflammation and apoptosis, autophagy, and necrosis, leading to global brain injury (1, 2) . Current therapeutic intervention strategies for infants with ischemic brain injury are limited and predominantly focused on the prevention of apoptosis, necrosis, and inflammation (neuroprotection) during the early phase of brain injury. For neonates born at term with HI brain injury, hypothermia (i.e., cooling of the brain by 2 to 4 °C) has emerged as the only reliable intervention at present (3, 4) .
Mesenchymal stem cells (MSCs) can also be neuroprotective because the cells have important anti-inflammatory and antiapoptotic properties (5) (6) (7) (8) . Administration of MSCs 3 to 24 h after stroke in adult animals reduced the number of apoptotic cells by approximately 50% in the ischemic boundary zone, which was accompanied by an increased expression of antiapoptotic proteins Bcl-2 and survivin (5) . These results indicate that transplantation of MSCs in the very early phase after ischemic brain injury is neuroprotective and thereby improves functional outcome. However, an important drawback of neuro protective strategies like hypothermia is the time window since treatment in the case of hypothermia must be initiated within 6 h after onset of the injury. This poses a problem for the neonatologist because the 6-h time window is often too short to be able to start therapy. However, once brain damage has become established, the resulting injured tissue is no longer amenable for neuroprotection. Like hypothermia, the great limitation with most neuroprotective strategies is that it must be applied within a couple of hours after onset of injury. Therefore, there is an urgent need for a therapy applicable when brain damage has already been established. The ultimate aim for an efficient therapy with an extended time window after ischemic brain injury should stimulate functional repair of brain tissue.
Msc TransplanTaTion
A variety of exogenous stem cells have been studied in experimental models for their potential to treat neonatal ischemic brain injury, including MSCs (9) . MSCs can be easily harvested not only from bone marrow and adipose tissue but also from extraembryonic tissues such as placental tissue and Wharton's jelly, the stroma of the umbilical cord (10, 11) . The latter sources are interesting because many neonates will experience an HI insult around the time of birth, at which moment the cells could be harvested from the placenta or the umbilical cord and transplanted as an autologous source. Oxygen tension is an important regulator of MSC function and mild hypoxia has been shown to stimulate MSC survival, proliferation, and stem cell potential (12, 13) . This makes it plausible that MSCs derived from the hypoxic neonate could even have a better therapeutic potential.
As stated above, MSCs have important immunomodulatory properties, including a suppressive effect on T-and B-cell proliferation, suppression of natural killer cell function, and modulation of the secretory profile of dendritic cells and macrophages (7, 8) . These properties might contribute to the low immunogenicity of MSCs after allogeneic transplantation. The anti-inflammatory and immunomodulatory MSCs could allow for allogeneic transplantation (14, 15) . There is some evidence, however, that MSCs may have both cellular and humoral alloreactivity, such as activation of T-cells that may reduce the capacity of allogeneic MSC transplantation (16, 17) . Yet MSC immunogenicity is still considerably attenuated compared with other allogeneic cell types because of their intrinsic antiinflammatory and immunomodulatory properties and absent to low major histocompatibility class II antigen expression (16, 18) . In addition, the site of administration is an important factor in determining the immunogenicity of allogeneic MSCs because intracranially or intracerebrally administered allogeneic MSCs appear to be nonimmunogenic to weakly immunogenic (19, 20) , whereas allogeneic MSCs administered intravenously or intraperitoneally sometimes elicit an antidonor response (21, 22) . However, in some disease models, like myocardial infarction and stroke, allogeneic and autologous MSCs were found to be similarly effective in stimulating repair despite induction of an antigraft immune response (16) . Although more preclinical research is needed, the use of an allogeneic source of MSCs would be a major advantage because it allows the availability of cells from healthy donors "off the shelf. "
Transplantation of MSCs has been applied successfully in animal models for adult neurological disorders including cerebral ischemia, Alzheimer's disease, and Parkinson's disease (9, (23) (24) (25) . Several experimental studies in neonatal models have shown that treatment with MSCs after ischemic brain injury has beneficial effects on functional outcome (26) (27) (28) (29) . Lateralizing motor deficits are decreased by 40-70% after treatment with MSCs, although a decrease in lesion volume is not always reported (26) (27) (28) (29) .
Various routes of administration of MSCs have been applied in experimental models for transplantation to the brain. Intracranial injection of MSCs after neonatal ischemic brain injury in rodents improved functional recovery and reduced lesion size (27) (28) (29) . Moreover, MSCs transplanted via the intravenous or intracardiac route also improved functional recovery (26, 30) . To circumvent the invasive procedure of local intracranial administration and the loss of cells after peripheral administration, we studied the possibility of using the intranasal administration route (31) . Upon intranasal administration, MSCs are capable of crossing the cribiform palate and migrating throughout the brain. Intranasal administration of MSCs after neonatal HI resulted in reduced lesion volume and improved motor function (32) . Although a direct comparison between the regenerative efficiency of the intranasal and intracranial administration route cannot be made because a different number of cells was used, it is remarkable that the functional outcomes of the intranasal and intracranial route are very much alike (Figure 1) .
In the study by Yasuhara et administration routes and equal number of MSCs, the outcome of the regenerative response is equal. This indicates that the administration route of MSCs is not a key factor in determining the outcome in neonatal ischemic brain injury models. Although the results may be equal, the number of MSCs needed for systemic administration is much higher than the number of MSCs needed for local administration in the brain, because several studies showed that although intravenous administration of MSCs improved repair of brain injury, many intravenously administered MSCs are trapped in the lung (33) . However, after peripheral administration, MSCs are able to migrate toward the lesion site (34) . In vivo evidence showed that MSC homing toward the ischemic lesion site is regulated via interaction between stromal cell-derived factor-1α and its receptor CXCR4 present on MSCs (35) . In response to HI brain injury, stromal cell-derived factor-1α expression is upregulated near the lesion site and expressed for at least 14 d after induction of the injury (36) . MSCs that express CXCR4 migrate to the lesioned area in the brain after intravenous transplantation, whereas MSCs derived from CXCR4 knockout mice do not migrate to the lesion (37) . Furthermore, in response to in vitro culturing of MSCs with ischemic brain extract, MSCs increase the expression of CXCR4 on their membrane (32) and could thereby increase their migration toward the lesion site.
The initial studies on application of MSCs for ischemic brain injury focused on the capacity of MSCs to replace lost cells by migrating toward the lesion site and to differentiate into neurons (38, 39) . More recently, however, this focus shifted toward the ability of MSC to exert their effect via stimulation of endogenous trophic mechanisms (6, 40, 41) . This shift in interest originates from the observation that long-term engraftment is not a necessity for MSCs to exert their regenerative function (25, 33, 41) . Previously, we have shown that MSC treatment decreases lesion volume after neonatal HI, whereas 3 d after a single intracranial MSC injection, only ~13% of transplanted cells could be detected in the brain (28, 29, 41) . Although the detected number of intracranial transplanted cells is twofold higher after double MSC treatment, the majority of cells do not survive up to 3 d after transplantation (41) . After intranasal or intracardiac administration of MSCs, it was possible to detect the cells in the brain over longer periods of time up to 6 wk after transplantation (26, 32) . It could be argued that migration of MSCs to the lesion site allows for a better adaptation of MSCs to the harsh ischemic environment, leading to better MSC survival than after intracranial transplantation early after transplantation. However, the number of MSCs surviving up to 4 wk after intracranial, intravenous, intracardiac, and intranasal transplantation is less than 1% (26, 30, 32, 41) , so the administration route has little to no influence on late graft survival. This number of surviving cells remains small in relation to the lesion volume and the number of MSCs that may integrate into the cerebral network is too little to cause the impressive effects just by mere differentiation of transplanted MSCs. Still, it cannot be completely excluded that some of the transplanted cells will differentiate and integrate into the network.
Another, perhaps more realistic, mechanism of action, therefore, is that transplanted MSCs improve neurological outcome by creating a growth-promoting niche via paracrine mechanisms. Thereby an environment is created in which endogenous repair processes and endogenous neuronal stem cells are induced to repair the damage.
GrowTH-proMoTinG EnVironMEnT
MSCs secrete many factors that can influence important processes like apoptosis, neurogenesis, angiogenesis, and synaptogenesis (6, 29) . The environment in the brain, defined as the capacity of resident cells to produce growth and differentiation factors, is a key factor in determining the response of MSCs after transplantation.
MSCs respond to the microenvironment in the brain and induce changes to that microenvironment (Figure 2 ) (29, 41) . When MSCs are cultured in vitro with ischemic brain extracts, the cells respond to the ischemic extract by changing their expression of several secreted factors that are known to regulate cell proliferation, differentiation, and/or maturation in the brain (41, 42) . In contrast to in vitro culture of MSCs with ischemic brain extracts, we observed that MSCs cultured with ischemic brain extracts from mice treated with MSCs at d 3 after HI express proinflammatory cytokines like interleukin (IL)-1β and IL-6 (29). Although inflammation is viewed as detrimental to neuroplasticity, a certain level of inflammation is probably needed for proper repair (43) . Interestingly, both IL-1β and IL-6 promote neuron survival after excitotoxicity and IL-1β promotes oligodendrocyte remyelination after excitotoxicity, stimulates neurite outgrowth and nerve regeneration in neuronal cultures, and promotes Schwann cell proliferation (44) (45) (46) . On the basis of our in vitro experiments, we conclude that MSCs We have shown before that repeated administration of MSCs at 3 and 10 d after neonatal HI markedly improves functional outcome, reduces infarct volume, and stimulates neurogenesis (29) . More importantly, each injection of MSCs had distinct effects on regenerative processes. A single injection stimulates cell proliferation in the brain, whereas the second injection of MSCs on d 10 after HI stimulates axonal remodeling (29) .
Gene expression profiling of the neonatal ischemic hemisphere, after a single administration of MSCs at 3 d after HI, showed that expression of fibroblast growth factor-2, epidermal growth factor, glial cell line-derived neurotrophic factor, and Sonic hedgehog is upregulated (41) . These factors have multiple functions including a great potential to stimulate formation of new functional neurons in the lesioned area. Fibroblast growth factor-2 and epidermal growth factor are important in maintaining potency of neural stem cells and potent stimuli of progenitor cell proliferation in the neurogenic regions (47, 48) . Administration of glial cell line-derived neurotrophic factor after adult stroke results in less cell death and glial cell linederived neurotrophic factor stimulates subventricular zone neurogenesis and migration of precursor cells toward the site where new neurons are needed (49, 50) . Sonic hedgehog is a powerful factor that stimulates neural progenitor cell proliferation, migration, and differentiation toward neurons and oligodendrocytes and could thereby contribute to both gray and white matter remodeling (51) .
Interestingly, a second transplantation with MSCs induces not only a gene expression profile similar to the changes seen after a single transplantation, but also expression of additional genes that tip the balance toward a milieu that favors end-stage differentiation and neuronal network development in the ischemic brain, such as expression of neuropilin-1 and 2, neuregulin-1, and EphrinB2 (41) . These molecules are important in axon guidance and synapse formation, processes needed for functional integration of new neurons into the neuronal network (52) .
The data obtained by gene expression analysis of the ischemic hemisphere after single or double MSC transplantation fit well with the in vivo data, showing that the distinct effects of MSC treatment on regenerative processes are related to changes in the growth factor environment in the brain (29, 41) . A first administration of MSCs stimulates cell proliferation in the brain (28, 29) . For these new cells to become functional neurons, they must differentiate into mature brain cells. This process will be driven by growth and differentiation factors provided by the milieu in the brain after MSC transplantation. However, it is unlikely that the factors secreted by the MSCs will be solely responsible for the extensive changes involved in endogenous neuroplasticity in the ischemic microenvironment. MSC treatment will stimulate parenchymal cells to secrete an array of trophic factors that will enhance neuroplasticity (40, 50) . The signals responsible for guiding progenitor cells through the various repair processes such as neurogenesis, gliogenesis, axonal sprouting, and synaptogenesis are complex and depend on a balance between various intra-and extracellular molecules (53, 54) . Manipulation of this balance by improving and directing the therapeutic potential of MSCs might reflect a promising future approach to better target regenerative therapy, although it may prove to be difficult. Genetic manipulation of MSCs may be one efficient way to direct the repair process as well as to increase the capacity of the endogenous repair of the brain (55) .
nEUroGEnEsis anD rEGEnEraTion oF THE Brain Following HI, there is an initial decrease in proliferation of neural progenitor cells (NPCs) and astrocytes in the ipsilateral dentate gyrus (28), when HI-induced cell death is still ongoing in the brain (2) . After the initial decrease, cell proliferation starts to increase and peaks at 72 h after HI (41) . The proliferating cells after neonatal HI express markers of immature multipotent precursors, but not markers of lineage-restricted progenitor cells (56) , leaving the possibility of replacing different types of lost cells. In the healthy adult brain, neurogenesis is necessary to maintain neurological function. Ablation of NPCs from the dentate gyrus reduces neurogenesis and impairs functional plasticity, showing the importance and necessity of neurogenesis after brain injury (57, 58) .
The number of NPCs is relatively high in the newborn brain. More importantly, parenchymal astrocytes in the neonatal brain may still have stem cell properties compared with the adult brain (59) , suggesting that the neonatal brain has a higher capacity to heal itself after injury.
Transplantation of MSCs further stimulated HI-induced NPC proliferation in the lesioned hemisphere and enhanced survival of proliferating cells after migration toward the lesion site (28) . A vast number of proliferating progenitor cells will ultimately differentiate into neurons, astrocytes, and oligodendrocytes (Figure 2) (28, 56) . Astrocytes play an important role in the repair processes that take place after injury. In the healthy brain, astrocytes have many functions including provision of structural and metabolic support to neurons, regulation of the extracellular ionic environment, and elimination of excessive levels of neurotransmitters such as glutamate (60) . After brain injury, astrocytes become "reactive," which involves proliferation, cellular hypertrophy, changes in gene expression, and release of growth-promoting and -inhibiting factors (60, 61) . In the hippocampus, the most injured area after experimental neonatal HI, MSC treatment increased the number of dividing astrocytes, whereas in the cortex, an area that sustained less damage, the number of new astrocytes was decreased after MSC treatment (28) . This indicates a relationship between damage and the local need for differentiation of newly divided cells toward astrocytes after MSC treatment. More proliferating astrocytes around the lesion site reflect the need for formation of a glial scar, which limits expansion of brain damage by isolating the injured tissue from its surroundings and preventing the spread of injurious processes (60) . Rapidly expanding astrocyte processes create a wall around the damaged tissue and create time for endogenous repair processes, like neurogenesis, to kick in and repair the surrounding tissue (60).
Following MSC transplantation, there is also a significant increase in the formation of new neurons from the proliferating progenitors in the damaged hemisphere (28, 29) . However, there are questions about the ability of recently differentiated neurons to survive long term after an insult. It has been shown in an adult stroke model that only 20% of the new neurons survive during the first weeks after stroke (62) . Newly formed neurons will most likely die when they do not receive appropriate trophic signals or establish functional synaptic connections (63) . The latter shows that the "basal" environment or the growth-promoting niche in the brain after ischemic injury is not sufficient for terminal neuronal differentiation, either because of the presence of inhibiting signals and/or because of the lack of instructive cues. For new neurons to survive, the trophic stimulus given by transplanted MSCs may be a crucial factor. Interestingly, MSC transplantation increased expression of synaptophysin, growth-associated protein 43, and connexin-43 in the ischemic hemisphere (29, 64) . Astrocytes express the gap junction protein connexin-43, which plays an important role in intercellular communication. The increased expression of connexin-43 after MSC treatment is indicative for increased communication between astrocytes and neurons, and this communication contributes to neuronal survival, ion homeostasis, uptake of neurotransmitters, axon myelination, neurogenesis, and synaptogenesis (64) .
inFlaMMaTion anD Msc-inDUcED rEGEnEraTion oF THE Brain An important mediator of neurogenesis and other repair processes is inflammation. The inflammatory processes can be detrimental to stimulatory for neurogenesis and other repair processes (43, 65) .
Several cell types and their activation states influence the inflammatory processes, but microglia are major contributors. Microglia are the resident macrophages of the central nervous system. They are bone marrow-derived monocytes that migrate to the brain during development and differentiate locally into resident microglia (43, 66) . Upon a stressor or injury, both activation of resident brain microglia and recruitment of monocytes from the periphery contribute to the increase in the number of microglia/macrophages in the injured area (43, 65) .
Macrophage/microglia heterogeneity and plasticity is great. Microglia can shift their activation state depending on their microenvironment. Under normal conditions, microglia are referred to as "resting, " during which they monitor their environment for signals from surrounding cells and have a low expression of protein and surface antigens (67) . During brain injury, microglia undergo a rapid shift in their effector program and become activated. Depending on the surrounding conditions, microglia shift their activity state to become "classically activated" M1 microglia or "alternatively activated" M2 microglia (66, 67) . M1 microglia are a major source of proinflammatory cytokines, oxidative metabolites, and other neurotoxins and thereby contribute to ensuing damage, whereas M2-activated microglia can be neuroprotective and can promote repair by releasing growth factors like IL10, insulin growth factor-1, and transforming growth factor-β and modulating the immune response (68) . However, knowledge about contribution of these specific subsets in the nervous system is relatively scarce when compared with other tissue macrophages.
In vivo evidence showed that microglial activity can inhibit neurogenesis because there is a negative correlation between the number of activated microglia and the number of surviving new hippocampal neurons (69) . Microglia derived from aging mice exhibit a more proinflammatory profile and confer decreased neurogenesis when cultured in vitro together with young NPCs, a phenomenon that may be related to the decrease in neurogenesis during aging (70) .
MSC treatment after ischemic brain injury reduces the number of proliferating microglia in the lesioned hemisphere (28, 40) . The reduced number of microglia after MSC treatment could reflect a reduced number of proinflammatory microglia because MSC transplantation also results in decreased expression of proinflammatory cytokines in the ischemic hemisphere (29, 41) . By reducing microglial expansion, MSC treatment may reduce inflammation and thus favor formation and integration of new neurons. A recent study using a model for spinal cord injury showed that administration of MSCs induces a shift in microglia activation state from a proinflammatory M1 state to a repairpermissive M2 state and thereby promoted a regenerative growth response (71) .
These M2 microglia could also be responsible for the instructive role microglia can have on neurogenesis. Activated microglia support the migration of NPCs toward the lesion site and stimulate survival of these cells (72). As described above, insulin growth factor-1 is expressed by M2-activated microglia. Activated microglia secreting insulin growth factor-1 and other factors increase differentiation of neural precursor cells toward neurons when neuronal precursor cells were cultured with microglial-conditioned medium (70) .
It is conceivable that MSC transplantation after ischemic brain injury modulates the microenvironment favoring the switch of microglia from a proinflammatory M1 phenotype to a regenerative M2 phenotype and thereby stimulating regenerative processes.
axonal rEMoDElinG aFTEr Msc TrEaTMEnT
The corticospinal tract represents the primary transmission tract for brain-controlled voluntary movement and consists of axons from pyramidal neurons originating in the motor cortex extending to the contralateral spinal cord (73) . After an extensive unilateral lesion in the brain, the contralesional hemisphere can contribute to partial recovery of motor function by remodeling of the corticospinal tract (73, 74) . However, within the damaged hemisphere, axonal remodeling also takes place (75) . This remodeling consists of axonal sprouting of new and surviving neurons, neurite extension, synaptogenesis, and copyright © 2012 International Pediatric Research Foundation, Inc.
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remyelination (52, 73) . In neonatal mice with ischemic brain injury, normal axonal routing of the corticospinal tract is disrupted. After injection of the anterograde neuronal tracer biotinylated dextran amine (BDA) into the ipsilesional motor cortex, BDA labeling in the contralesional spinal cord could be determined as a measure of corticospinal tract activity. MSC treatment markedly increased the HI-induced decrease in BDA labeling in the spinal cord (29) . Furthermore, BDA labeling in the spinal cord was inversely related to sensorimotor impairment (29) .
After neonatal ischemic brain injury, there is a decrease in the amount of white matter (1) . Oligodendrocyte progenitors are especially vulnerable to HI brain injury, which could relate to the characteristic white matter injury in human perinatal brain injury (76, 77) . Loss of oligodendrocytes leads to demyelination and subsequently axonal conduction will be impaired or lost. In response to MSC transplantation after brain ischemia, there is a large increase in new oligodendrocyte progenitor cells, mature oligodendrocytes, and myelin formation in the ischemic hemisphere (28, 29) . In vitro MSCs have been shown to promote oligodendroglial fate and to inhibit astroglial fate in neural progenitor cells by factors secreted by the MSCs (78) . Neural progenitor cells cultured with factors known to stimulate oligodendrocyte differentiation like insulin growth factor-1, ciliary neurotrophic factor, and nerve growth factor showed that none of the factors tested was as potent as the combination of factors secreted by MSCs (79) . We hypothesize that factors secreted by MSCs could contribute to end-stage differentiation of oligodendrocytes, leading to more mature myelin-producing oligodendrocytes and thereby contributing to improved outcome.
Previously, we discussed the beneficial effects of astrocytes and the glial scar on regeneration of the brain. However, the glial scar may also act as a barrier for repair processes because it contains growth inhibitory proteins like myelin-derived proteins and proteoglycans (60) . Transplantation of MSCs in adult models for ischemic brain injury has been shown to reduce expression of proteins by astrocytes that are inhibitory to axonal sprouting including Neurocan and Nogo (80, 81) . Thereby, MSC treatment creates a niche permissive for axonal sprouting, white matter remodeling, and synaptogenesis after ischemic brain injury. Whether this also takes place after neonatal ischemic brain injury remains unknown. However, there are some clues that MSC treatment in the neonatal brain provides an environment promoting axonal sprouting and synaptogenesis as promoting proteins like GAP43, neuropilin-1 and 2, and neuregulin-1 are upregulated in the ischemic hemisphere after MSC treatment (Figure 2) (29, 41) .
liMiTaTions anD poTEnTial aDVErsE EFFEcTs Until now, no long-term adverse effects have been detected after MSC transplantation to treat ischemic brain injury (82, 83) . Patients with ischemic stroke and treated with MSCs showed no adverse effects 5 y after treatment with MSCs (82) . Also in a rat model, 1-y follow-up did not show any adverse effects (83) . Furthermore, there is much evidence that long-term engraftment of MSCs in the brain is limited. However, more research is needed to make firm conclusions about the longterm safety of MSC transplantation.
As with any cell-based therapy, malignant transformation is a potential risk. This risk is high when using embryonic stem cells or induced-pluripotent stem cells. When using adult stem cells the risk is lower, although the risk of malignant transformation increases when MSCs undergo in vitro expansion. However, careful phenol and karyotypic analysis of MSCs pretransplantation should diminish the possibility of transplanting malignant cells. It has also been described by Horn et al. (84) that MSCs may become cytotoxic to hippocampal neurons after oxygen glucose deprivation, which may lead to more damage. Moreover, it is still an open question how MSCs, which only reside for a short period in the brain, can induce long-term recovery. Future research will have to show whether transplanted MSCs redirect or stimulate the autologous stem cell pool, which could lead to sustained functional and anatomical regeneration.
FUTUrE pErspEcTiVEs
Transplantation of MSCs is an effective way to repair the damaged brain in an animal for neonatal HI brain injury.
MSC transplantation enhances endogenous cell proliferation and differentiation and results in decreased lesion volume and improved motor function. The administered MSCs do not survive very long in the brain of the recipient, but long enough to stimulate endogenous repair processes. Stimulation of repair by MSCs is mediated via growth factors and is dependent on the bidirectional interplay between the administered MSCs and the ischemic environment in the brain. MSCs can sense the danger in the cerebral environment and will adapt their growth and differentiation factor profile to the demands of the environment, converting it into a repair-promoting environment. The communication between endogenous and exogenous stem cells has significant effects on the behavior of both transplanted and resident stem cells. The potential of meaningful repair of the brain after injury will depend on that bidirectional communication. Manipulation of the expression profiles of growth and differentiation factors in the brain may be crucial for the repair of brain injury in the future. The neonatal brain, which is still developing, probably has a greater potential to regenerate than the adult brain in view of the greater plasticity of the young brain compared with the adult brain. The many processes that are active during development of the brain in the neonate are also needed for repairing injury to the brain. In other words, the neonatal brain is already in a repair-ready state; when injury ensues, the reaction is almost instantaneous and regeneration is more effective than in the adult brain.
